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DQG TXDGUDWLF ORVVHV LQ WKH SUHVHQFH RI DGGLWLYH XQFHUWDLQW\ PHDQV WKDW WKH SROLF\
LQVWUXPHQW LV VHW WR RIIVHW DQ\ VKRFN FRPSOHWHO\ DQG LPPHGLDWHO\  ,W LV RQO\ ZKHQ
XQFHUWDLQW\ LV UHSUHVHQWHG LQ D PXOWLSOLFDWLYH IRUP  ZKHUH LPSHUIHFW FRQWURO RYHU WKH





DQG D IRXUSHULRG RYHUVKRRW E\  DVVXPLQJ RI FRXUVH WKDW WKHUH LV QR GLVFRXQWLQJ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RI WKH ·FRQVHUYDWLVPSULQFLSOHµ LQ UHVSRQVH WRPXOWLSOLFDWLYHXQFHUWDLQW\ DORQHPD\ EH
RYHUWXUQHG,QIDFWPXFKUHFHQWZRUNLQERWKFRQVXPSWLRQWKHRU\DQGDSSOLHGILQDQFH
KDV LQYROYHG H[DPLQLQJ WKH LQWHJUDWLRQ RI QHZHU FRQFHSWV RI XWLOLW\ WR ROGHU SULFLQJ
SX]]OHV $JDLQ JLYHQ WKH LQIOXHQFH RI WKLV KHDOWK\ OLWHUDWXUH LW LV VXUSULVLQJ KRZ OLWWOH
LPSDFWWKLVKDVPDGHRQWKHDQDO\VLVRIRSWLPDOSROLF\$QGLWLVWKHH[DPLQDWLRQRIWKH
UREXVWQHVV RI WKH ·FRQVHUYDWLVPSULQFLSOHµ WR WKH GHYLDWLRQV VLF IURP TXDGUDWLF ORVVHV
WKDWZLOOEHWKHIRFXVRIWKLVSDSHU
7KHUHVWRIWKHSDSHU LVVWUXFWXUHGDVIROORZV 6HFWLRQH[DPLQHVWKHLPSDFWRQ
WKHRSWLPDO LQWHUHVW UXOHZKHQ WKH ORVV IXQFWLRQ UHIOHFWV FRQVWDQW DEVROXWH ULVN DYHUVLRQ
&$5$LQWKHIDFHRIDGGLWLYHXQFHUWDLQW\DQGE\DQDORJ\RWKHUFODVVHVRIULVNDYHUVLRQ
VXFKDV&55$6HFWLRQH[DPLQHVWKHLPSDFWRQWKHRSWLPDOLQWHUHVWUDWHUXOHRIERWK
DGGLWLYH DQG PXOWLSOLFDWLYH XQFHUWDLQW\ ZKHQ SUHIHUHQFHV DUH DV\PPHWULF  6HFWLRQ 
DQDO\VHVVLPXODWLRQVRIWKHUHVXOWLQJRSWLPDOUXOHV LQIRXUGLIIHUHQWFDVHVDQGDJUDSKLFDO
JHQHUDO VROXWLRQ WR WKH WLPH SDWK RI LQWHUHVW DQG LQIODWLRQ UDWHV IROORZLQJ DQ LQIODWLRQ
















IRUPHU LPSOLHV WKDW WKH HODVWLFLW\ RI WKH SROLF\PDNHU•V PDUJLQDO ORVV ZLWK UHVSHFW WR
LQIODWLRQLVDOZD\VDQGWKHODWWHU LPSOLHVWKDWWKHYDULDELOLW\RI LQIODWLRQGRHVQRWDIIHFW
PDUJLQDO ORVV  7KH XVH RI QRQTXDGUDWLFV PLJKW EH DQDORJRXV WR DJHQWV VPRRWKLQJ
FRQVXPSWLRQ LQ UHVSRQVH WR WHPSRUDU\ LQFRPH VKRFNV  2QH PLJKW H[SHFW WKDW WKH
LQWURGXFWLRQRIORVVIXQFWLRQVWKDWGHOLYHUVXFKVPRRWKLQJLQDFRQVXPSWLRQVHWWLQJZRXOG
DOVR SURGXFH LQWHUHVW UDWH JUDGXDOLVP LQ D VHWWLQJ RI PRQHWDU\ SROLF\PDNLQJ  7KLV LV
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DQG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WKDW IXWXUH GHYLDWLRQV RI LQIODWLRQ IURP LWV WDUJHW DUHPLQLPLVHG VXEMHFW WR DQ LQIODWLRQ
UHODWLRQVKLSDQGDSDUWLFXODUVSHFLILFDWLRQRISUHIHUHQFHV 7KHUHGXFHGIRUPSURFHVVIRU
LQIODWLRQ LQ  LV NHSW GHOLEHUDWHO\ VLPSOH DV WKH HPSKDVLV RI WKLV IUDPHZRUN LV RQ WKH
VSHFLILFDWLRQRIWKHSUHIHUHQFHVRIWKHSROLF\PDNHU7KHPLQLPDOIHDWXUHVZHUHTXLUHDUH
SHUVLVWHQFH LQ LQIODWLRQ 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RI WKH DGGLWLYH DQG
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 FRQVLVWVRI
WKH LQILQLWHO\GLVFRXQWHG VXPRISHUSHULRG ORVVHV ( )*1;pipi +tL  ’LVFRXQW IDFWRU δ  WDNHV
VRPHYDOXHEHWZHHQ0 DQG1
/HW XV QRZ WXUQ WR WKH VSHFLILFDWLRQ RI WKH SHUSHULRG ORVV IXQFWLRQ  1DWXUDO
FDQGLGDWHVIRUDULFKHUGHVFULSWLRQRIWKHSROLF\PDNHU•VEHKDYLRXUWRZDUGVULVNZRXOGEH
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7KHUH LV KRZHYHURQH LPSRUWDQW FDYHDW EHIRUH SURFHHGLQJ  ,Q WKH FRQVXPSWLRQ
OLWHUDWXUH VPRRWKLQJ RFFXUV GXH WR WKH LQWHUDFWLRQ EHWZHHQ ULVN DYHUVLRQ DQG DQ LQWHU
WHPSRUDO EXGJHW FRQVWUDLQW HQVXULQJ DQ LQWHUWHPSRUDO WUDGHRII EHWZHHQ FRQVXPSWLRQ
WRGD\DQGFRQVXPSWLRQLQWKHIXWXUH,QWKH7LQEHUJHQ7KHLOVHWWLQJKRZHYHUWKHUHLVQR
QDWXUDOFRQVWUDLQWRQWKHLQWHUWHPSRUDOEHKDYLRXURILQIODWLRQKLJKHULQIODWLRQGRHVQRW
QHFHVVDULO\ LPSO\ ORZHU LQIODWLRQ WRPRUURZ ’XH WR WKH DEVHQFH RI D SURSHUO\ GHILQHG
UHVRXUFHFRQVWUDLQWRSWLPLVDWLRQXQGHU&$5$SUHIHUHQFHVZLOO\LHOGXQUHDOLVWLFVROXWLRQV
IRU WKH VHWWLQJ RI LQWHUHVW UDWHV  ,I WKH LQIODWLRQ WDUJHWZHUH IRU H[DPSOH HTXDO WR ]HUR
RSWLPDOLW\ZRXOG UHTXLUH WKH LQWHUHVW UDWH WREH VHW DW SOXV LQILQLW\EHFDXVH WKH UHVXOWLQJ
QHJDWLYHUDWHVRILQIODWLRQLPSO\SROLF\JDLQV:KLOHWKHLQWURGXFWLRQRIDQRXWSXWWHUPLQ
WKHORVVIXQFWLRQFRXOGFHUWDLQO\RIIVHWVRPHRIWKLVSHUYHUVHWHQGHQF\ZHKDYHRSWHGIRU
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6ZKHUH 1+tI  WDNHV WKHYDOXH IRU LQIODWLRQGUDZVEHORZWDUJHWDQG]HUR IRUGUDZVDERYH
(TXDWLRQ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$V D UHVXOW RI WKH RQHSHULRG FRQWURO SUREOHP VXJJHVWHG E\ HTXDWLRQ  WKH
FRQWUROSUREOHPLQFDQEHUHGXFHGWR
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ZKHUH ( )⋅Φ  LVWKHFXPXODWLYHGHQVLW\RIWKHVWDQGDUGQRUPDO 7KHDUJXPHQW LQ WKHQ
EHFRPHV
FIGURE 1
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ZKHUH H[SHFWDWLRQV DUH WDNHQ RYHU WKH LQWHUYDOV [ ]X,∞−  DQG [ ]∞,X  UHVSHFWLYHO\
(TXDWLRQFDQEHHYDOXDWHGWRJLYHWKHIROORZLQJH[SUHVVLRQ
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UDWHV DUH VHW WR FORVH WKH JDS EHWZHHQ FXUUHQW LQIODWLRQ DQG WDUJHW FRPSOHWHO\ DQG
LPPHGLDWHO\




VD\V WKDW WKHGHYLDWLRQRI WKHRSWLPDO LQWHUHVW UDWH IURP LWV QHXWUDO OHYHO UHFDOO WKDW WKH
QHXWUDOOHYHOKDVEHHQVHWWR]HURLVDIXQFWLRQRIWZRFRPSRQHQWV7KHILUVWFRPSRQHQW
LVHVVHQWLDOO\DVLPSOHIHHGEDFNUXOH LPSO\LQJWKDW WKH LQWHUHVWUDWHUHVSRQVHGHSHQGVRQ
KRZIDUODVWSHULRG•VLQIODWLRQZDVDZD\IURPLWVORQJUXQPHDQ7KHVHFRQGFRPSRQHQW
GHULYHVIURPWKHSRVVLELOLW\WKDWWKHLQIODWLRQWDUJHWGRHVQRWQHFHVVDULO\FRUUHVSRQGZLWK








TXDGUDWLF ORVVHV DUH LUUHOHYDQW LI WKHPDLQWDLQHG K\SRWKHVLV RI DGGLWLYH XQFHUWDLQW\ DQG
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RSWLPDOUXOHLV *))(/( pipi −= tbati 
82IFRXUVHWKHH[WHQWRIULVNDYHUVLRQLVQRWLUUHOHYDQWIRUWKHYDOXHRIWKHORVVZKLFK
HTXDOV




















LQFUHDVHV ERWKZLWK WKH OHYHO RI DGGLWLYH YDULDELOLW\ DQG WKH H[WHQW RI WKH SROLF\PDNHU•V
DYHUVLRQ WR ULVN  ,QWXLWLYHO\ DQ LQFUHDVH LQ ULVN DYHUVLRQ IRU H[DPSOH PHDQV WKDW D




,QWURGXFLQJ PXOWLSOLFDWLYH XQFHUWDLQW\ VKRXOG DIIHFW WKH RSWLPDO UXOH
0XOWLSOLFDWLYH XQFHUWDLQW\ LV WDNHQ WR PHDQ WKDW SDUDPHWHU b  LV D XQFHUWDLQ ZLWK VRPH




,Q D IUDPHZRUNZLWK V\PPHWULFSUHIHUHQFHV DQGERWK DGGLWLYH DQGPXOWLSOLFDWLYH
XQFHUWDLQW\WKHUHDUHQRZWZRLQWHUDFWLRQVJRLQJRQ)LUVWRIDOOWKHUHLVWKHHDUOLHUUHVXOW
WKDWIRUDJLYHQOHYHORIDGGLWLYHYDULDELOLW\ULVNDYHUVLRQLQFUHDVHVWKHGHDGZHLJKWORVVHV
GXH WR ILUVWURXQG HIIHFWV RQ LQIODWLRQ  %XW WKLV GRHV QRW DIIHFW WKH RSWLPDO UXOH




ZLOO QRW DIIHFW WKH GHDGZHLJKW ORVVHV WKURXJK WKH PXOWLSOLFDWLYH XQFHUWDLQW\ FKDQQHO
EHFDXVHWKLVFKDQQHORSHUDWHVZKHQLQWHUHVWUDWHVDUHPRYHG6LQFHLQWKLVPRGHOLQWHUHVW
UDWH DFWLRQV WRPRUURZ FDQQRW RIIVHW WKH ILUVWURXQG HIIHFWV RQ LQIODWLRQ WRGD\ ULVN
DYHUVLRQGRHVQRWDPSOLI\WKHGHDGZHLJKWORVVHVWKURXJKWKLVPHFKDQLVP
8QIRUWXQDWHO\WKHFXUUHQWVSOLW&$5$IUDPHZRUNEHFRPHVDQDO\WLFDOO\LQWUDFWDEOH
ZKHQ PXOWLSOLFDWLYH XQFHUWDLQW\ LV LQWURGXFHG VR WKDW WKH DERYH FODLPV VWLOO UHTXLUH
YHULILFDWLRQ,QDQ\FDVHWKHIUDPHZRUNKDVVHUYHGRXUSXUSRVHLQWKDWZHVKRZIRUPDOO\
WKDW ULVN DYHUVLRQ LV LUUHOHYDQW LQ D VHWWLQJ RI DGGLWLYH YDULDELOLW\ DQG V\PPHWULF
SUHIHUHQFHV  ,I RQH ZLVKHV WR H[DPLQH LVVXHV RI SROLF\FDXWLRQ DQG SROLF\JUDGXDOLVP
9QRQTXDGUDWLF SUHIHUHQFHV DQG WKHLU LPSOLFDWLRQV IRU ULVN DYHUVLRQ SHU VH DUH QRW
VXIILFLHQW 0RUHRYHU WKH\DUHQRWQHFHVVDU\DVRQHFDQHDVLO\H[DPLQH WKHVH LVVXHV LQD
TXDGUDWLFIUDPHZRUN
 ’(9,$7,216)52048$’5$7,&6$6<00(75<
7KH TXDGUDWLF SDUDGLJP LV VRPHWLPHV FULWLFLVHG EHFDXVH SRVLWLYH DQG QHJDWLYH
GHYLDWLRQV IURP WKH WDUJHW DUH WUHDWHG V\PPHWULFDOO\  ,Q WKLV VHFWLRQ ZH H[SORUH WKH
LPSOLFDWLRQV DULVLQJ IURP WKH DVVXPSWLRQ RI DV\PPHWULF ORVVHV LQ D VHWWLQJ RIPRQHWDU\
SROLF\PDNLQJ  7KH DQDO\VLV ZLOO VKRZ WKDW D QRQTXDGUDWLF ORVV IXQFWLRQ DURXQG D
SDUWLFXODU WDUJHW LVREVHUYDWLRQDOO\VLPLODU WRDTXDGUDWLF ORVV IXQFWLRQDURXQGDGLIIHUHQW
WDUJHW HYHQ LIZH DOORZ IRU D ULFK GHVFULSWLRQ RI WKH VWRFKDVWLF QDWXUH RI WKH HFRQRP\
$V\PPHWULFORVVHVPD\EHDQLQWHUHVWLQJZD\RIFKDUDFWHULVLQJWKHSROLF\PDNHU•VDWWLWXGH
WR SROLF\ RXWFRPHV LI VXFK DWWLWXGHV UHIOHFW HLWKHU L D YLHZ DERXW WKH VRFLDO ZHOIDUH
IXQFWLRQRULLDQH[RJHQRXVYLHZRIWKHSROLF\PDNHUDERXWWKHHPEDUUDVVPHQWFRVWVRI
SRVLWLYHDVFRPSDUHGWRQHJDWLYHGHYLDWLRQVIURPWDUJHWRUERWK
$V WKH LQIODWLRQ UHPLW RI WKH%DQN RI(QJODQG LV V\PPHWULF WKLV LQYDOLGDWHV WKH
DSSOLFDWLRQRIWKHVHFRQGSROLWLFDOHFRQRP\OLQHRIWKRXJKW1HYHUWKHOHVVWKHSRVVLELOLW\
UHPDLQVWKDWWKHJRYHUQPHQWZKHQGHWHUPLQLQJWKHOHYHORIWKHLQIODWLRQWDUJHWKDVWDNHQ










 ( ) ( ) αβξγξαξ −−= expL  ZLWK 0,0, >≠ αβγ







UHYHQXH ORVVHVZKHUHDVRYHUDVVHVVPHQWPD\UHVXOW LQDSSHDOV OLWLJDWLRQDQGRWKHUFRVWV =HOOQHU 
10
ZKHUHξ LVWKHGHYLDWLRQRIWKHSROLF\REMHFWLYHIURPWDUJHW:HFDQVHHWKDW ( ) 00 =L
DQG WKDW IRU DPLQLPXP WR H[LVW DW 0=ξ ZHPXVW KDYH βγα =   6R  FDQ EH UH
ZULWWHQDV
 ( ) ( ) ]1exp[ −−= γξγξαξL  ZLWK 0,0 >≠ αγ 
1RWHWKDW γ GHWHUPLQHVWKDWH[WHQWRIWKHDV\PPHWU\LQWKH/,1(;IXQFWLRQDQG
α VFDOHVWKHORVVHV)LJXUHVKRZVWKH/,1(;IXQFWLRQIRU 1=α DQGIRU γ  
)RUFRPSDULVRQWKHTXDGUDWLF ORVVHVDUHDOVRSORWWHGWKH[D[LVSORWVWKHGHYLDWLRQ
ξ  1RWH WKDW IRU VPDOO ORVVHV WKHGLIIHUHQFHEHWZHHQ WKH/,1(;DQGTXDGUDWLF DSSHDU
VPDOODQGLQIDFWLIZHH[SDQG ( ) 22211exp γξγξγξ ++= ZHILQGWKDW ( ) 2221 γξξ =L  %XW
RI FRXUVH IRU ODUJHU YDOXHV RI ξ  WKH GLIIHUHQFHV LQ ORVVHV WHQG WR EHFRPH VXEVWDQWLDO
$SSHQGL[$GLVFXVVHVVRPHUHODWHGSRLQWVRQWKH/,1(;IXQFWLRQ
FIGURE 2
LINEX and Quadratic Losses Compared
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2.00
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VXJJHVWVDQHYHQFOHDUHUH[DPSOHE\SRLQWLQJRXWWKDWLQWKHFRQVWUXFWLRQRIGDPVXQGHUHVWLPDWHRISHDN
IORZVLVPXFKPRUHVHULRXVWKDQDQRYHUHVWLPDWH
   ,Q D UHODWHG YHLQ &KULVWRIIHUVHQ DQG’LHEROG  VWXG\ WKH RSWLPDO SUHGLFWLRQ SUREOHP XQGHU
JHQHUDODV\PPHWULFORVVVWUXFWXUHV
























 ( ) ( )[ ] ( ) 1exp *1*11 −−−−= +++ pipiγpipiγpi tttL ZLWK 0>γ 
VXEMHFWWR





































7KHSUHIHUHQFHVRI WKHSROLF\PDNHUDUHGHVFULEHGE\D/,1(;ORVV IXQFWLRQ  ,I
IRUVRPHUHDVRQRYHUVKRRWLQJWKHLQIODWLRQWDUJHW *pi LVPRUHFRVWO\WKDQXQGHUVKRRWLQJ
LWZHFDQUHVWULFW γ WREHVWULFWO\SRVLWLYH7KLVZLOOLPSO\WKDWXQGHUVKRRWLQJLVSHQDOLVHG
LQ DQ DSSUR[LPDWHO\ OLQHDU IDVKLRQ ZKHUHDV WKH PDUJLQDO ORVVHV IURP RYHUVKRRWLQJ DUH
LQFUHDVLQJLQQH[WSHULRG•VLQIODWLRQUDWH2IFRXUVHWKHIROORZLQJDQDO\VLVFRXOGDOVREH









                                                          
  $V WR WKHSUHFLVHQDWXUHRI WKH XQFHUWDLQW\ WKH DXWKRULWLHVPD\ EHOLHYH WKDW WKH SDUDPHWHUV RI WKH
PRGHO DUH UDQGRPYDULDEOHVZLWKDSDUWLFXODUSRVLWLYHYDULDQFH $OWHUQDWLYHO\ WKH\PD\ UHJDUG WKH WUXH
SRSXODWLRQ SDUDPHWHUV YDOXHV DV EHLQJ QRQUDQGRP TXDQWLWLHV LQ WKH XQGHUO\LQJPRGHO EXW SXW VRPH
PDUJLQ RI HUURU RQ WKHLU HVWLPDWHG VDPSOH YDOXHV  ,Q ZKDW IROORZV ZH DVVXPH WKDW WKH XQGHUO\LQJ
DGGLWLYHVKRFNVDUHJHQXLQHUDQGRPYDULDEOHV ZKLFKZLOOHQVXUHD UROH IRUVWDELOLVDWLRQSROLF\DQG WKDW
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7KH ILUVWRUGHU FRQGLWLRQ RI WKLV RSWLPLVDWLRQ SUREOHP LPSOLFLWO\ GHILQHV WKH
RSWLPDOLQWHUHVWUDWHVHWWLQJIRUPDWKHPDWLFDOGHWDLOVVHH$SSHQGL[%





















,W LV DQDO\WLFDOO\ LQWUDFWDEOH WR JHW D UHGXFHG IRUP VROXWLRQ IRU WKH RSWLPDO UXOH LQ WKH
JHQHUDOFDVH+RZHYHUWKHUHDUHVRPHLQWHUHVWLQJVLPSOHVSHFLDOFDVHV
7+(’()$8/7&$6(1R$V\PPHWU\$QG2QO\$GGLWLYH8QFHUWDLQW\
,I WKHUH LV QR PXOWLSOLFDWLYH LQVWUXPHQW XQFHUWDLQW\ DQG WKH SUHIHUHQFHV RI WKH
SROLF\PDNHUWHQGWRV\PPHWU\WKHQWKHRSWLPDOUXOHFROODSVHVWR
 ( ) ( )*1 pipipipi −+−=
bb
ai tt 
,Q RUGHU WR LQWHUSUHW WKLV H[SUHVVLRQ DVVXPH WKDW D RQHRII DGGLWLYH VKRFN KDV
RFFXUUHG DW WLPH W SURGXFLQJ DQ RYHUVKRRWLQJ RI WKH LQIODWLRQ WDUJHW E\ x%  SRLQWV
1RWKLQJ FDQ EH GRQH DERXW WKH LQLWLDO ERRVW LQ LQIODWLRQ EXW DV ORQJ DV WKHUH LV VRPH
SHUVLVWHQFHLQ LQIODWLRQLH 0>a  WKHVHFRQGURXQGHIIHFWVRI WKHVKRFNWR LQIODWLRQDW






 ( ) ( )
bbb
ai ett 2
1 2* γσpipipipi +−+−= 
7KH DVVXPSWLRQ RI DV\PPHWULF ULVN DYHUVLRQ SURGXFHV DQ XSZDUG ELDV LQ WKH
RSWLPDO UXOH LI RYHUVKRRWLQJ LV FRQVLGHUHG WR EHPRUH FRVWO\ WKDQ XQGHUVKRRWLQJ  ,W LV
FOHDU WKDW WKH LQWHUHVW UDWH ¶SUHPLXP• GXH WR ULVN DYHUVLRQ LQFUHDVHV ZLWK WKH H[WHQW RI

























ORVVHV  ,I WKH FRHIILFLHQW RI YDULDWLRQ  bbσ  H[FHHGV ]HUR WKH RSWLPDO LQWHUHVW UDWH
UHVSRQVHZLOOEHVXFKWKDWWKHJDSZLWKWKHLQIODWLRQWDUJHWLVQRWHQWLUHO\FORVHG
1RWH WKDWZHFDQDOVR VROYH IRU WKH ORQJUXQ VWHDG\VWDWH YDOXHVRI LQIODWLRQ DQG
LQWHUHVW UDWHV  7KLV ZLOO EH LOOXVWUDWHG IRU WKH GHIDXOW DQG WKH XQFHUWDLQW\ FDVHV
$QDO\WLFDOO\(TXDWLRQVDQGQHHGWREHPDWFKHGZLWKWKHVWHDG\VWDWHFRQGLWLRQ




)RU WKHGHIDXOWFDVH WKHVWHDG\VWDWHYDOXHV IRU WKH LQIODWLRQDQG LQWHUHVW UDWHDUH
UHVSHFWLYHO\
 *pipi =SS
• ( )pipi −−= *1
b
ai ss 
7KLV WHOOVXV WKDW LQ WKH ORQJUXQ LQIODWLRQZLOO VHWWOHGRZQDW WKH LQIODWLRQ WDUJHW
























LQIODWLRQWDUJHW,IWKHUHLVQRPXOWLSOLFDWLYHXQFHUWDLQW\WKHQ λ HTXDOVDV 02 =bσ DQG
ORQJUXQ LQIODWLRQZLOOKLW WKH LQIODWLRQ WDUJHW 7KHRWKHU H[WUHPH LV WKH FDVHRI LQILQLWH
PXOWLSOLFDWLYH XQFHUWDLQW\ ZKLFK GHOLYHUV λ  HTXDO WR  DV ∞→2bσ  DQG D ORQJUXQ
LQIODWLRQUDWHZKLFKUHYHUWVWRWKHORQJUXQPHDQRIWKHSURFHVV6LPLODUO\(TXDWLRQ•




ORQJUXQ PHDQ DQG WKH LQIODWLRQ WDUJHW FRLQFLGH WKHQ WKH LVVXH RI FDXWLRQ HQWLUHO\
HYDSRUDWHVLQIODWLRQVHWWOHVGRZQDWLWVWDUJHWDQGLQWHUHVWUDWHVDWWKHLUQHXWUDOOHYHO
5HWXUQLQJ WR WKHPRVWJHQHUDOFDVH LHPXOWLSOLFDWLYH LQVWUXPHQWXQFHUWDLQW\ DQG
DV\PPHWULFSUHIHUHQFHVQRWHWKDWWKHODVWWZRWHUPVLQUHVXOWIURPWKHLQWURGXFWLRQ
RIPXOWLSOLFDWLYHXQFHUWDLQW\LQWRWKHDV\PPHWU\FDVH$QLQWHUHVWLQJLVVXHLVWKHH[WHQWWR




6HFWLRQGHULYHGH[SUHVVLRQV IRU WKHJHQHUDO IRUPRI WKHRSWLPDO UXOH(TXDWLRQ
DQGIRUWKUHHUHOHYDQWVSHFLDOFDVHV WKDWRIDV\PPHWU\ $XQFHUWDLQW\ 8DQGWKH
GHIDXOW FDVH  9LD VLPXODWLRQ WHFKQLTXHV WKLV VHFWLRQ H[SORUHV WKH LPSOLFDWLRQ RI WKH
RSWLPDO UXOH IRU WKHVHWWLQJRI LQWHUHVW UDWHVERWKDV D VWDWLF ILUVWSHULRGFKRLFH DQGDV D
G\QDPLF SDWK  :H DUH DOVR DEOH WR GHULYH JUDSKLFDOO\ WKH VROXWLRQ WR WKH FKRLFH RI
RSWLPDOLQWHUHVWUDWHVIRUDOOIRXUFDVHV7KHILQDOUHVXOWDOORZVXVWRDQVZHUWKHTXHVWLRQ
RI ZKHWKHU DV\PPHWULF SUHIHUHQFHV DUH VXIILFLHQW WR GHOLYHU JUDGXDOLVW LQWHUHVW UDWH
UHVSRQVHVDQGZKHWKHUFDXWLRXVLQWHUHVWUDWHUHVSRQVHVDUHGHOLYHUHG
)RU H[SRVLWLRQDO SXUSRVHV ZH KDYH PDGH RQH PRGLILFDWLRQ WR WKH JHQHUDO
H[SUHVVLRQLQ(TXDWLRQ WKHORQJUXQPHDQRIWKHLQIODWLRQSURFHVVKDVEHHQVHWWR
15
]HUR LH 0=pi   7KLVZLOO JLYH IXUWKHU LQVLJKWV RQ WKH LQWHUDFWLRQ EHWZHHQ D ORQJUXQ
PHDQDQGDQLQIODWLRQWDUJHWZKLFKDUHQRWQHFHVVDULO\HTXDO
 7KH,QLWLDO,QWHUHVW5DWH5HVSRQVH
)LJXUH  H[DPLQHV WKH LQLWLDO LQWHUHVW UDWH UHVSRQVH WR LQIODWLRQ VKRFNV XQGHU WKH
IRXUGLIIHUHQWFDVHV7KHVL]HRILQIODWLRQVKRFNVRQWKH[D[LVLVDOORZHGWRYDU\IURP
WRDQGWKHFKRLFHRIRSWLPDOLQWHUHVWUDWHVLQWKHILUVWSHULRGLVVKRZQRQWKH






LV WKH H[WHQW RI DV\PPHWU\ LQ WKH ORVV IXQFWLRQZKLFK WHQGV WR V\PPHWU\ DV γ → 0  
IURP)LJXUHZRXOGVHHPDIDLUGHJUHHRIDV\PPHWU\3DUDPHWHUDLVWKHH[WHQWRIQRQ
SROLF\UHODWHGLQIODWLRQSHUVLVWHQFHLQWKHHFRQRP\DQGLVVHWWREHVRPHWKLQJEHORZWKH
REVHUYHG SHUVLVWHQFH  ZKLFK LQFOXGHV SROLF\ UHDFWLRQ  W\SLFDOO\ IRXQG IRU PRGHUQ
LQGXVWULDOLVHG HFRQRPLHV  3DUDPHWHU E LV WKH LPSDFW RQ LQIODWLRQ RI DQ LQWHUHVW







ELDV LQ LQWHUHVW UDWHV WKH WKLUG WHUPRQ WKH UKVRI(TXDWLRQ GRHVQRW VZDPS WKH
LQWHUDFWLRQWHUPVEHWZHHQDV\PPHWU\DQGPXOWLSOLFDWLYHXQFHUWDLQW\WKHODVWWZRWHUPVLQ
(TXDWLRQ
)LJXUH  VKRZV WKDW IRU WKLV UDQJH RI VLQJOH LQIODWLRQ GUDZV WKH RSWLPDO LQLWLDO
LQWHUHVWUDWHUHVSRQVHULVHVOLQHDUO\LQWKHYDOXHRIWKHLQIODWLRQGUDZ,QERWKWKHGHIDXOW
FDVHDQGLQWKH$FDVH WKH LQLWLDO LQWHUHVWUDWHUHVSRQVHULVHVDW WKHUDWH a b/ DW WKHUDWH
)/1)(/( 2 bba bσ+ LQWKH8FDVHDQGDSSUR[LPDWHO\WKHVDPHLQWKHJHQHUDOFDVH:HILQG
WKDW LQERWKWKHGHIDXOWDQG8FDVH WKHRSWLPDO LQLWLDO LQWHUHVW UDWH UHVSRQVH IURPD ILYH
SHUFHQW LQIODWLRQGUDZLV]HUREXWWKDW LQERWKWKH$DQGWKHJHQHUDOFDVHUHIOHFWLQJWKH
DV\PPHWU\ELDVDQRSWLPDOLQLWLDOLQWHUHVWUDWHUHVSRQVHRI]HURRFFXUVZKHQWKHLQIODWLRQ
GUDZ LV )2/(/ 2* aa eγσpi −   7KLVPHDQV WKDW LQ FRPSDULVRQ WR WKH V\PPHWULF FDVHV WKH
RSWLPDOLQLWLDOLQWHUHVWUDWHUHVSRQVHZLWKDQLQIODWLRQGUDZHTXDOWRWDUJHWLVELDVHGXSE\
DQ LQWHUFHSW DPRXQWRI )2/(2 beγσ  LQ WKH$FDVHEXW VRPHWKLQJ OHVV LQ WKH JHQHUDO FDVH
EHFDXVHRIWKHLQWHUDFWLRQEHWZHHQULVNDYHUVLRQDQGXQFHUWDLQW\LHWKHODVWWZRWHUPVLQ
(TXDWLRQ
                                                                                                                                                                                    
7KHRSWLPDOUXOHLQWKHJHQHUDOFDVHLVVROYHGXVLQJ*DXVV1HZWRQLWHUDWLYHSURFHGXUHV
  7KHHVWLPDWHGVDPSOHSHUVLVWHQFHSRVW%UHWWRQ:RRGVKDVEHHQ LQ WKHRUGHURI IRU2(&’
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:KDW KDSSHQV WR WKH LQLWLDO LQWHUHVW UDWH FKRLFH XQGHU LQFUHDVLQJ SDUDPHWHU
XQFHUWDLQW\"  )LJXUH  H[DPLQHV WKH LQLWLDO UHVSRQVH RI LQWHUHVW UDWHV WR D JLYHQ 
LQIODWLRQ VKRFN ZKHQ WKH YDULDQFH RI E  WKH H[WHQW RI PXOWLSOLFDWLYH XQFHUWDLQW\  LV
DOORZHGWRLQFUHDVHIURPWRWKHLPSODXVLEOHOHYHORI7KHFKDUWVKRZVWKDWWKHLQLWLDO
LQWHUHVWUHVSRQVHLVVWDWHLQGHSHQGHQWRIWKHOHYHORIPXOWLSOLFDWLYHXQFHUWDLQW\LQERWKWKH
GHIDXOW FDVH DQG$  %XW WKDW WKH LQWURGXFWLRQ RI PXOWLSOLFDWLYH XQFHUWDLQW\ PDNHV WKH

























LV DJUHHPHQW RQ WKH RWKHU SDUDPHWHUV LV WR DUJXH WKDW LI WKH DXWKRULWLHV WKLQN WKDW WKH
RSWLPDO LQLWLDO VWHS LQ LQWHUHVW UDWHV IROORZLQJD LQIODWLRQ VKRFN LV WKH\HLWKHU







:HDUHQRZDEOH WRVKRZWKHG\QDPLFSDWKRI LQWHUHVW UDWHV DQG VLPXOWDQHRXVO\
IRU LQIODWLRQ IROORZLQJ WKH FDOFXODWLRQ RI WKH LQLWLDO UHVSRQVH  :H DVVXPH WKDW WKH
LQIODWLRQUDWHLVWKHEHJLQQLQJRISHULRGUDWHDQGWKHLQWHUHVWUDWHLVWKHHQGRISHULRGUDWH
)ROORZLQJ WKH LQLWLDO LQIODWLRQ GUDZ  tpi  DQG RSWLPDO LQWHUHVW UDWH UHVSRQVH  it  WKH
HFRQRP\•V LQIODWLRQ UHODWLRQVKLS (TXDWLRQ  ZLWK 0== ipi  GHOLYHUV D QHZ LQIODWLRQ
OHYHO  1+tpi DQGWKLV OHDGV WRVHFRQGRSWLPDO LQWHUHVWUDWHUHVSRQVH 1+ti DQGVRRQXQWLO
WKHVWHDG\VWDWHYDOXHVDUHUHDFKHG
































WKH VHQVH WKDW WKH ORQJUXQ VWHDG\VWDWH YDOXH RI WKH LQWHUHVW UDWH ZLOO EH FORVHU WR LWV
QHXWUDOOHYHO




FORVH WR LWVVWHDG\VWDWHDW WKHHQGRI WKHIRXUWKSHULRG ,Q WKHJHQHUDOFDVHEHFDXVHRI
ERWK XQFHUWDLQW\ DQG ULVN DYHUVLRQ WKH /,1(; ORVV IXQFWLRQ IRUFHV WKH RSWLPDO





                                                          
1RWHIURPWKHGLVFXVVLRQLQ6HFWLRQWKDWWKHLPSOLFLWLQIODWLRQWDUJHWLVLGHQWLFDOLQWKHGHIDXOWDQG8
FDVHZKHQWKHH[SOLFLWLQIODWLRQWDUJHW pi * LVWKHVDPHDVWKHORQJUXQPHDQ pi 
FIGURE 5b






























DQG LQWHUHVW UDWHV  7KLV PHDQV IRU WKH IRXU FDVHV VKRZQ WKDW WKH GHIDXOW XQFHUWDLQW\
JHQHUDODQGDV\PPHWU\FDVHVLPSO\VXFFHVVLYHO\ORZHULQIODWLRQWDUJHWVDQGKLJKHUVWHDG\
VWDWH LQWHUHVW UDWH  -XVW DV WKH G\QDPLF SDWKV LQ )LJXUH  VKRZHG GLIIHUHQW VWHDG\VWDWH
LQWHUHVWUDWHV)LJXUHVKRZVWKHVDPHVWHDG\VWDWH LQ LQIODWLRQLQWHUHVWUDWHVSDFH 7KH
UDQNLQJVRIWKHLPSOLHGLQIODWLRQWDUJHWVLQWHUPVRIWKHLUGHYLDWLRQVIURPGHIDXOWFDVHDUH









ILQDORQHDQGUHSUHVHQWVWKHPRYHEDFNWRWKHVWHDG\VWDWH ORFXV ,QWKHFDVHV LQYROYLQJ





6R ZK\ LV WKH LQIODWLRQ WDUJHW ORZHU LQ WKH QRQGHIDXOW FDVH"  7KHUH DUH WKUHH
VHSDUDWHUHDVRQV7KHHDVLHVWZD\LVWRILUVWH[DPLQHWKHPRYHIURPWKHGHIDXOWFDVHZLWK
QR PXOWLSOLFDWLYH XQFHUWDLQW\ RU IURP WKH DV\PPHWU\ FDVH WR 8 ZH FDQ VHH WKDW
DULWKPHWLFDOO\ WKH ELDV IROORZV IURP WKH VTXDUH RI FRHIILFLHQW RI YDULDWLRQ LQ WKH
GHQRPLQDWRU  ,QWXLWLYHO\ WKLVPHDQV WKDW WKH ODFNRISHUIHFW FRQWURO RYHU WKH HFRQRP\
PDNHVWKHRSWLPDOSROLF\PDNHUFKRRVHWREDVH LQWHUHVWUDWHGHFLVLRQVDURXQGDQ LPSOLFLW
LQIODWLRQ WDUJHW VRPHZKDW ORZHU WKDQ WKH H[SOLFLW LQIODWLRQ WDUJHW %HFDXVH WKH ORQJUXQ
PHDQRILQIODWLRQHPEHGGHGLQWKH3KLOOLSVFXUYHUHODWLRQVKLSLVQRWLGHQWLFDOWRWKDWRIWKH
H[SOLFLWLQIODWLRQWDUJHWWKHQWKHDFKLHYHPHQWRIWKHLQIODWLRQWDUJHWDFWXDOO\UHTXLUHVVRPH
SROLF\ LQLWLDWLYH WRZDUGVZKLFK LQ WKH SUHVHQFH RI FRQWURO XQFHUWDLQW\ WKH SROLF\PDNHU
PLQLPLVHVH[SHFWHGORVVHVE\DLPLQJWRRORZ
                                                                                                                                                                                    




ELDV WR WKH H[SOLFLW LQIODWLRQ WDUJHW EHFDXVH ORVVHV GXH WR SRVLWLYH GHYLDWLRQV DUH VLPSO\
PDJQLILHGZLWK DV\PPHWULF SUHIHUHQFHV DQG WKH UDWLRQDO SROLF\PDNHU LV DEOH WRPLWLJDWH
WKHPE\DLPLQJIRUDSRLQWWRWKHOHIWRIWKHPLQLPXPRIWKH/,1(;IXQFWLRQ
FIGURE 6












Response Paths in The Interest Rate Space
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)LQDOO\ZKHQZH FRPELQH WKH ULVN DYHUVLRQ DQGPXOWLSOLFDWLYH XQFHUWDLQW\ LQ WKH
JHQHUDO FDVH IRU WKH SDUDPHWHUV FKRVHQ WKH LQWHUDFWLRQ EHWZHHQ XQFHUWDLQW\ DQG ULVN
DYHUVLRQDFWVWRLQFUHDVHWKHLQIODWLRQWDUJHW7KLVLVEHFDXVHRIWZRVHSDUDWHHIIHFWV  L
WKHGLFKRWRP\EHWZHHQWKHH[SOLFLW LQIODWLRQWDUJHWDQGWKHHFRQRP\•V ORQJUXQLQIODWLRQ
PHDQPLWLJDWLQJ WKHSROLF\DFWLRQZHQRWHG LQ WKH$FDVHDQG LL WKDW WKHSROLF\PDNHU
ZLOO LQ DQ\ FDVH WHQG WRZDUGV FKRRVLQJ D ]HUR LQWHUHVW UDWH GUDZ LQ WKH SUHVHQFH RI
XQFHUWDLQ FRQWURO RYHU WKH HFRQRP\  )RU WKH FDVHV LQYROYLQJ XQFHUWDLQW\ WKH ORZHU
LQIODWLRQ WDUJHW UHVXOWV LQ VPRRWKLQJ RI LQWHUHVW UDWHV ZKLFK ZLWK FDXWLRXV UHVSRQVHV
GHOLYHUV ORZHU LQIODWLRQ 7KLV LV VR EHFDXVH WKH LQWHUHVW UDWH UHVSRQVH LV LQ WZRSHULRGV
JLYHQWKHSHUVLVWHQFHRILQIODWLRQ,QWKH$FDVHWKHORZHULQIODWLRQWDUJHWVLPSO\LPSOLHV
DFWLYLVWILUVWSHULRGLQWHUHVWUDWHVHWWLQJ
7KH PDLQ LPSDFW RI DV\PPHWULF SUHIHUHQFHV LV QRW WR RYHUWXUQ WKH ·%UDLQDUG
FRQVHUYDWLVPSULQFLSOHµ  ,W LV VWLOO SDUDPHWHU RUZKDWZHPLJKW WR WKLQN RI DV FRQWURO






7KHSDSHU H[DPLQHV WKH LPSOLFDWLRQV RI QRQTXDGUDWLF ORVV IXQFWLRQV IRU SROLF\
JUDGXDOLVPDQGSROLF\FDXWLRQZLWKLQ WKHFRQWH[WRIPRQHWDU\SROLF\PDNLQJ:HGHYLDWH





ORQJ DV XQFHUWDLQW\ LV DGGLWLYH  $V D UHVXOW FHUWDLQW\ HTXLYDOHQFH DOVR DSSOLHV WR QRQ
TXDGUDWLF ORVV IXQFWLRQV SURYLGHG WKDW WKHVH DUH V\PPHWULF  6R LI WKH VRXUFH RI WKH
XQFHUWDLQW\ LV DERXW WKH W\SH RI WKH VKRFN GHYLDWLQJ IURP TXDGUDWLFV GRHV QRW EX\ XV
DQ\WKLQJQHZWKHRSWLPDOUXOHUHPDLQVWKHVDPHDQGRQO\WKHSROLF\PDNHU•VGHDGZHLJKW
ORVVHVDUHGLIIHUHQW
$V ZLWK WKH TXDGUDWLF FDVH XQGHU DGGLWLYH XQFHUWDLQW\ ZHOIDUH ORVVHV ZLOO EH
PLQLPLVHGDWDQLQIODWLRQUDWHVHWHTXDOWRWDUJHW$QGVRLWFRQWLQXHVWRPDNHVHQVHWRKLW
WKLVWDUJHWDVVRRQDQGDVFORVHO\DVSRVVLEOHWKHUHZLOOWKXVEHQRFDVHIRUJUDGXDOLVPRU
FDXWLRQ  ,QRUGHU WRJHQHUDWHJUDGXDOLVPDQG FDXWLRQQRQTXDGUDWLFSUHIHUHQFHV SHU VH
DUHQRWVXIILFLHQWDVRQHQHHGV WR LQWURGXFHPXOWLSOLFDWLYHXQFHUWDLQW\ 0RUHRYHUQRQ
TXDGUDWLF SUHIHUHQFHV DUH QRW QHFHVVDU\ DV RQH FDQ HDVLO\ H[DPLQH WKHVH LVVXHV LQ D
22
TXDGUDWLF IUDPHZRUN  7KLV EULQJV XV WR WKH FRQFOXVLRQ WKDW WKH DQDO\WLFDOO\ FRQYHQLHQW
DVVXPSWLRQRITXDGUDWLFORVVHVPD\QRWEHWKDWXQUHDVRQDEOHDIWHUDOO
:KHQZH LQWURGXFHDQDV\PPHWU\ LQ WKH ORVV IXQFWLRQ ZLWKD/,1(;IXQFWLRQ
ZH ILQG WKDW WKH RSWLPDO LQWHUHVW UDWH UXOH LV ELDVHG LQ D VWDWHLQGHSHQGHQW ZD\ LI
XQFHUWDLQW\LVPHUHO\DGGLWLYH$V\PPHWULFSUHIHUHQFHVWKHQUHVXOWLQDQLQWHUHVWUDWHSDWK
WKDWLVHTXLYDOHQWWRWKDWLPSOLHGE\DVKLIWHGTXDGUDWLFORVVIXQFWLRQ,IXSZDUGULVNVDUH
FRQVLGHUHGPRUH OHVV FRVWO\ WKDQGRZQZDUG ULVNV WKHQ WKHPLQLPXPRI WKH TXDGUDWLF
ORVV IXQFWLRQ LV VPDOOHU ODUJHU WKDQ WKDWRI WKH QRQTXDGUDWLF  ,Q RXU IUDPHZRUN WKLV
PHDQV WKDW WKH LPSOLHG LQIODWLRQ WDUJHW ZKLFK LQWHUQDOLVHV WKH DV\PPHWU\ LV VPDOOHU
ODUJHUWKDQWKHVWDWHGWDUJHW
:LWKPXOWLSOLFDWLYHXQFHUWDLQW\WKHDV\PPHWU\GRHVQRW\LHOGTXDOLWDWLYHO\GLIIHUHQW
FRQFOXVLRQV IURP FKDQJLQJ WKH FXUYDWXUH RI D V\PPHWULF ORVV IXQFWLRQ JUDGXDOLVP DQG
FDXWLRQ RQO\ REWDLQ ZKHQ XQFHUWDLQW\ LV PXOWLSOLFDWLYH  0RUHRYHU VLPXODWLRQV RI WKH
RSWLPDO UXOH XQGHU DV\PPHWU\ DQGPXOWLSOLFDWLYH XQFHUWDLQW\ VKRZ WKDW WKH LQWHUHVW UDWH
SDWKVDUHYHU\VLPLODUWRWKRVHLPSOLHGE\DVKLIWHGTXDGUDWLF$VIRUFDXWLRQZHKDYHDOVR
HVWDEOLVKHGWKDWPXOWLSOLFDWLYHXQFHUWDLQW\ LVQRWVXIILFLHQW $QDGGLWLRQDOUHTXLUHPHQW LV
WKDW ORQJUXQSROLF\ LQWHUYHQWLRQV DUH QHFHVVDU\ 7KLV ODWWHU IHDWXUH LV LOOXVWUDWHG LQ RXU
UDWKHUVLPSOHPRGHOE\OHWWLQJWKHLQIODWLRQWDUJHWDQGWKHORQJUXQPHDQRIWKHLQIODWLRQ
SURFHVVGLIIHU
:LWK UHIHUHQFH WR WKH GHOHJDWLRQ RIPRQHWDU\ SROLF\ WKH XVH RI DV\PPHWULF ORVV
IXQFWLRQVOHDGVWRDQXPEHURILPSRUWDQWLQVLJKWV)LUVWRIDOOLIWKHJRYHUQPHQWUHTXLUHV





WKH FHQWUDO EDQN WR EH DV\PPHWULF DV ZHOO  7KH DV\PPHWU\ LQ WKH JRYHUQPHQW•V ORVV






SDUWLFXODU UHDVRQ WR WKLQN WKDW WKH REMHFWLYH IXQFWLRQ LV TXDGUDWLF>EXW@ SROLF\PDNHUV
DOPRVWDOZD\VZLOOEHFRQWHPSODWLQJFKDQJHVLQSROLF\LQVWUXPHQWVWKDWFDQEHH[SHFWHGWR
OHDG WR VPDOO FKDQJHV LQ PDFURHFRQRPLF YDULDEOHV  )RU VXFK FKDQJHVDQ\ FRQYH[
REMHFWLYHIXQFWLRQLVDSSUR[LPDWHO\TXDGUDWLFµ
                                                          




$V WR IXWXUH UHVHDUFK WKHUH PD\ EH FRQVLGHUDEOH LQWHUHVW LQ H[SORULQJ WKH
LPSOLFDWLRQVRIWKHUHVXOWVZKHQWKHORQJUXQPHDQDQGWKHLQIODWLRQWDUJHWDUHDOORZHGWR
FRLQFLGH JUDGXDOO\ XQGHU VRPH SURFHVV RI OHDUQLQJ  7R GR VR WKH QH[W VWHS LV WR
LQFRUSRUDWHRXU UHVXOWV LQ DPRUH UHDOLVWLF VHWWLQJZLWK DJHQWVZKRVH H[SHFWDWLRQV DERXW
LQIODWLRQLQIOXHQFHDFWXDOLQIODWLRQRXWFRPHV,QDGGLWLRQZHPLJKWVXJJHVWDWOHDVWWKUHH
RWKHUSRVVLEOHXVHVRIDV\PPHWULFORVVIXQFWLRQVLQWKHILHOGRIH[DPLQLQJQRQTXDGUDWLF
DGMXVWPHQW FRVWV IRU H[DPSOH LQ PRGHOV RI LQYHVWPHQW DSSOLFDWLRQV LQ H[SODLQLQJ WKH
H[FHVV UHWXUQV LQ ILQDQFLDOPDUNHWV LH WKDWSULFHVRI DVVHWVPD\EHELDVHG DQG ILQDOO\
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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  7KH  /LRQHO 5REELQV
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0,73UHVV
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••   IRU 0≠ξ   7KH H[SHFWDWLRQ RI WKH /,1(; IXQFWLRQ LV JLYHQ E\ WKH
IROORZLQJH[SUHVVLRQ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PHDQµ DQGYDULDQFH 2eσ ,QWKLVFDVHWKHPRPHQWJHQHUDWLQJIXQFWLRQJLYHV
( ) ( )2221expexp eE σγµγγpipi +−=−
ZKLFKLQWXUQJLYHV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( )( )[ ]{ } bibabE tttttt γpiεpipipiγγ =−+−−+ +++ *111 exp 
26
$QGVLQFH 1+tb DQG 1+tε DUHLQGHSHQGHQW
( )( )[ ] [ ]{ } [ ]{ } bEibbEa ttttttt γγεγpipipiγγ =−−+ +++ 111 expexpexp 
8VLQJ WKH HDUOLHU UHVXOW IRU WKH ILUVW H[SHFWDWLRQ DQG D VLPLODU OLQH RI UHDVRQLQJ IRU WKH
VHFRQGRQHZHKDYH
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